
CRITICAL REVIEW

THE ESTIMATION AND QUANTITATIVE SIGNIFICANCE OF

HYDROCHLORIC ACID IN THE GASTRIC CONTENTS

BY W. H. WILLCOX

IT was first shown by Prout (1) in 1824 that the gastric juice contained
hydrochloric acid. The methods he adopted were as follows :—

(a) Some of the contents of a stomach were distilled and towards the end of
the process hydrochloric acid passed over.

(b) Two equal portions of gastric contents were taken. One was evaporated to
dryness and incinerated, the other was made alkaline with potash and then evapo-
rated to dryness and incinerated. In the ash of each the chlorine was estimated by
precipitation as silver chloride, and the difference in the amount of chlorine found in
the two portions, was due to the free hydrochloric acid and the volatile chlorides
which had been driven off in the one case and not in the other after ignition.
Prout found that the hydrochloric acid determined by this method corresponded
closely to the total acidity of the gastric contents as found by titration with
standard alkali, and ho rightly concluded that the acidity of the gastric juice
was due to hydrochloric acid. At the time of their publication Prout's results
were severely criticized, and his conclusions wero not accepted by physiologists
for many years. The methods of analysis adopted by Prout were very ingenious
and reliablo, and soon his results were confirmed by numerous workers in
different countries (Children, Braconnot, Tiedemann, Gmelin, &c).

C. Schmidt worked for many years on the nature of the acid in the gastric
juice (2), and in 1852 a classical work on digestion by Bidder and Schmidt
appeared in which the results of Schmidt's experiments were fully given.
Schmidt fully confirmed Prout's work, and found that the gastric juice examined
by him always contained more hydrochloric acid than was sufficient to neutralize
all the bases present, and .that the excess of hydrochloric acid was alone sufficient
to account for the entire acidity of the gastric juice. The experimental part of
Schmidt's work was confirmed by other workers, e. g. Eichet (3), Maly (4), and
others, and the presence of hydrochloric acid in the stomach was accepted as
proven, and also that in the gastric juice of healthy animals the acidity was
accounted for by the hydrochloric acid present.

During the last thirty years numerous methods have been devised for
detecting and estimating hydrochloric acid in the contents of the stomach, and an
enormous amount of attention has been devoted to the subject.

[Q.J.M., Oct., 1909.]
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Before reviewing tho more important of these methods and tests it will be
well to consider the forms in which hydrochloric acid occurs in tho contents of
the stomach. Hydrochloric acid may exist as—

(i) Free hydrochloric acid, i.e. the acid is not combined '
with any base either inorganic or organic.

(ii) Hydrochloric acid which is combined—
(a) with proteins,

Active
hydrochloric

acid.
(6) with other nitrogenous organic bases.

(iii) Hydrochloric acid which is combined with inorganic bases to form
neutral salts, e. g. sodium chloride.

Since the hydrochloric acid which is free (i), or which has become combined
with proteins or organic bases (ii), must all have been originally secreted by the
gastric glands, and represents the amount of hydrochloric acid in the gastric
contents secreted by the stomach, it is convenient to use a term which will
express these two varieties of hydrochloric acid. The term ' active hydrochloric
acid' has been used for this purpose (5, 6, 7, 8) and means ' the free hydrochloric
acid + the hydrochloric acid combined with proteins and organic bases '.

In the gastric contents free hydrochloric acid may or may not be present. It
is extremely rare for hydrochloric acid combined with proteins and organic
bases to be absent, and in order to obtain an estimate of the secreted hydro-
chloric acid in the gastric contents it is most important to know the percentage
of active hydrochloric acid present.

During the past ten years it has been customary at St. Mary's Hospital,
London, for chemical analyses of the stomach contents to be made as a routine
part of the investigation of cases admitted for gastric symptoms. Considerably
over a thousand of such analyses have been made under my direct supervision,
and a review of these results emphasizes tho importance of estimating not only
tho free hydrochloric acid, but also the hydrochloric acid combined with proteins
and organic bases. In many cases free hydrochloric acid has been found to be
entirely absent, yet the active hydrochloric acid, or acid secreted by the stomach,
has been normal.

Harley and Goodbody in their published work (9) give a great number of ana-
lyses of hydrochloric acid in the gastric contents in various pathological conditions.
Their results fully bear out the importance of estimating the total active hydro-
chloric acid, for in the majority of their analyses the free hydrochloric acid is
very much less than the hydrochloric acid combined with proteins and organic
bases, usually considerably under one-fourth, so that the only true estimate of the
hydrochloric acid secreted by the stomach is the active hydrochloric acid found in
the gastric contents. Copeman and Hake (10) have published analyses of the
gastric contents from fourteen' cases, and these all strongly bear out the view
that the free hydrochloric acid of human gastric contents is very much less than
the active hydrochloric acid.

It has been the custom in the routine analyses at St. Mary's Hospital for the
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gastric contents to bo tested for proteins, and usually these have been found
present in considerable amount, so that a considerable part of the hydrochloric
acid present must have been combined with them.

If some free hydrochloric acid be added to albumen or albumose or peptone
it can bo at once demonstrated that none of tho tests for free hydrochloric acid
are given, and this being so it follows that when, as is usually tho case, proteins
are present in the gastric contents, a very important portion of the hydrochloric
acid will be combined with them.

The amount of active hydrochloric acid present in the gastric contents
usually approximates closely to the total acidity when organic acids are present
in small quantity. If organic acids are present in considerable amount, then the
active hydrochloric acid will be considerably lower than tho total acidity (see
Analyses, Table V).

In some cases it is found that the active hydrochloric acid as determined by
the modified Volhard-Luttke method (Willcox) (6, 7, and 8) is above the total
acidity as determined by phenol phthalein titration with alkali. This is quite
uncommon. Thus, in the last fifty test meals analysed at St. Mary's Hospital,
in only two was the active hydrochloric acid higher than the total acidity, and
the difference was very slight. One was from a case of chronic gastric ulcer
where the total acidity was equal to 0-19 per cent, hydrochloric acid, while the
active hydrochloric acid was 0-22 per cent.; the other case was one of pernicious
anaemia where the total acidity equalled 0-02 per cent, hydrochloric acid, while
the active hydrochloric acid was 0-04 per cent. Tho fact of tho active hydro-
chloric acid being slightly higher than the total acidity can be accounted for by
the hydrochloric acid being combined with some volatile organic base which
forms a salt neutral to phenol phthalein.

B. Moore (11) has carefulty investigated the cause of this, and suggests
that the hydrochloric acid is combined with an organic base. He has found
that the excess of the active hydrochloric acid over the total acidity cannot be
explained by the presence of ammonium chloride, because ammonia was not
present in sufficient_amount to account for it. Emerson has found hexone bases
in cancer of the stomach, and it is possible that the presence of these will account
for the excess of the active hydrochloric acid over the total acidity in exceptional
cases where this occurs (12).

When the results of tho analysis of a test meal as regards hydrochloric acid
have to be made use of for diagnostic purposes in cases of disease, it is of very
much greater importance that the active hydrochloric acid should be known than
the amount of free hydrochloric acid. The amount of free hydrochloric acid
present in cases of disease of the stomach is a very variable quantity, depending
on an unknown factor, viz. the amount of proteins present. The amount of
active hydrochloric acid present is usually constant within certain limits for
a particular disease, and it is this estimation which I regard as of far the
greatest importance for diagnostic purposes.
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The Detection and Estimation of free Hydrochloric Acid.
In all case3 before testing gastric contents for free or active hydrochloric acid

they should be filtered through ash-free filter paper and the filtrate used for
purposes of analysis.

Congo Red and Tropaeolin 00 have been often used as tests for free hydro-
chloric acid. They are not very delicate, and they react to organic acids if
present in appreciable amount.

Dimethylamidouzobenzene in alcoholic solution has been much used as a test
for hydrochloric acid (Topfer's Test), and as an indicator where free hydrochloric
acid is estimated by titration with an alkali. This test is delicate for hydro-
chloric acid, a pink colour being produced by a strength of 1 in 100,000 of water.
Tho characteristic change of colour is, however, produced by organic acids. Thus
lactic acid in strength as weak as 1 in 10,000 and acetic acid as weak as 1 in
2,000 both give a positive reaction. The test is, therefore, not reliable as
a positive test, but is useful as a negative test in showing the absence of free
hydrochloric acid. I have on several occasions found that gastric contents gave
a positive reaction to the test, but other more reliable tests have shown that free
hydrochloric acid is absent. In such cases considerable amounts of organic acids
were present.

Gunzberg's Test. This is an extremely reliable and delicate test for free
hydrochloric acid. The reagent should be freshly made up for each test, because
if kept it rapidly loses its delicacy. About 4 grains of phloroglucin and 2 grains
of vanillin are dissolved in 1 c.c. of absolute alcohol in an evaporating dish,
about 2 c.c. of gastric contents are added, and the mixture carefully heated on
the water-bath; a brilliant scarlet colour "is produced by free hydrochloric acid.
The reaction is so delicate that 1 part in 100,000 of hydrochloric acid can be
clearly demonstrated. Organic acids do not give the test (6).

Several methods have been published for the estimation of free hydrochloric
acid depending on tho evaporation of the gastric contents to dryness by heating
on the water-bath, it being assumed that all the free hydrochloric acid is vola-
tilized.- This is quite incorrect, and hence the methods arc inaccurate. It was
shown (6) that if some hydrochloric acid be mixed with a solution of dextrose or
dextrin, and evaporated to dryness, and then heated for two hours on the water-
bath, there is only a partial loss (about one-third) of the acid. Since carbo-
hydrates are usually present in test meals it is obvious that free hydrochloric
acid will not readily be driven off by this procedure.

Physico-chemical methods have been adopted for the determination of free
hydrochloric acid in the gastric contents ; these are the most accurate, but they
require much care and skill in their execution and can only be done by an expert
analyst.

Ham and MacLeod (13) published a method depending on the hydrolysis of
cane sugar by the gastric contents, and from the result the amount of free hydro-
chloric acid is calculated. The method takes twenty-four hours and requires
a pqlarimeter.
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B. Moore (14) published an admirable method depending on the hydro-
lysis of methyl acetate by the gastric contents. This method is quicker than
the preceding, and is probably the most accurate method of estimating free
hydrochloric acid. It takes about eight hours to perform and requires no more
elaborate apparatus than a thermostat and the usual volumetric apparatus. As
Moore has very clearly and fully pointed out, the physico-chemical methods
of estimating free hydrochloric acid are methods really of estimating the free
hydrogen ions present in the gastric contents. ' The result gives an estimate of
the whole of the free hydrochloric acid and a portion combined with protein.

Methods of estimating the Active Hydrochloric Acid.

The following are those generally in use at the present time :—

(1) Leo's Method (15).—10 c.c. of the gastric contents are titrated with
N-
— alkali in the presence of calcium chloride. A similar amount of the gastric

Ncontents after previous treatment with calcium carbonate is titrated with —

alkali. The difference in the two results is said to give the active hydrochloric
acid. The objection to the method is that organic acids are estimated unless pre-
viously removed, which is very difficult. Also the hydrochloric acid is not
directly estimated, but depends on an indicator which in the presence of protein
may not give a sharp end reaction.

(2) Topfer's Method (16).—Consists in titrating three equal parts of gastric
N . •contents against — caustic soda—

(a) With phenol phthalein as an indicator, which gives the total acidity.
(b) With alizarin as an indicator, the difference between (a) and (b) giving-

tho protein.
(c) With dimethylamidoazobenzene as an indicator, which is said to give

the free hydrochloric acid present.
The objection to this method is that, as Moore has ably pointed out (17),

in the presence of proteins indicators such as those used are unreliable, and the
results can only be approximate, since there is not a sharp end reaction; also in
(c) the results will be too high if organic acids are present in appreciable
amount.

(3) Morner and Sjoqvist's Method (18).—In this method a portion of the
gastric contents is treated with barium carbonate till all the acids are neutralized,
the mixture is evaporated to dryness and ignited, and the amount of soluble
barium salts is estimated by extraction with water and filtering. The barium
is estimated either by a volumetric process, or better gravimetrically by
precipitation as sulphate. From the result the free hydrochloric acid and that
combined with protein will bo obtained.

The method is a good one, but the results are sometimes lower than those
[Q.J. M., Oct.,igog.] II
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given by the method next to be described. This is probably due to the fact
that all the hydrochloric acid combined with organic bases is not estimated, and
also to the difficulty of complete neutralization in slimy test meals containing
much mucin.

(4) The Modified Volhard-Lutthe Method (6, 7, 8).—This method is one in
which the hydrochloric acid is directly estimated. It has been tested with
solutions of hydrochloric acid of known strength in the presence of proteins and
substances such as those found in gastric contents, and it has been found to give
extremely accurate results. Two equal portions of gastric contents are taken;
to one portion pure sodium carbonate is added in excess; both are evaporated to
dryness and ignited at a low red heat so as thoroughly to char and decompose
the organic matter present. The chlorides in each are then estimated by Vol-
hard's process in the dishes in which the ignition is done, without any previous
nitration. The difference in the two results gives the amount of active hydro-
chloric acid present. The method is very simplo and quick. It is well adapted
for clinical purposes. There is no risk of loss from volatilization of sodium
chloride, since it is quite unnecessary to heat until the ash is white. The
method has been used for several years in the pathological chemistry laboratories
of St. Mary's Hospital, and it is all that can be desired as a method suitable for
accurate clinical work where the results are to be made use of for purposes of
diagnosis.

The Quantitative Significance of Hydrochloric Acid in the Gastric Contents.

Recent physiological research on pancreatic and gastric secretion by Bayliss
and Starling (19), by Edkins (20) and others, shows how great is the importance
of the presence of hydrochloric acid in the gastric contents, and suggests the
necessity of tho medicinal administration of hydrochloric acid in cases where the
gastric secretion is insufficient. The work of Bolton (21) on the pathology of
gastric ulcer shows the important relationship of an excess of hydrochloric acid
in the causation of gastric ulcer. Thus if gastrotoxin is introduced into tho wall
of the stomach of an animal, necrosis and ulcer will result, but not if the hydro-
chloric acid is previously neutralized by sodium bicarbonate. Lenhartz in the
valuable system of treatment of cases of gastric ulcer has made use of the fact
that free hydrochloric acid can be combined in great measure in the stomach with
proteins administered as food. Thus raw eggs, scraped, raw, or underdone meat,
&c, with milk are given for the purpose of removing free hydrochloric acid and
so alleviating the symptoms and promoting the healing of a gastric ulcer.

The amount of active hydrochloric acid present in gastric contents will
throw a most important light on the nature of many obscure gastric cases
provided that accurate chemical analyses are considered conjointly with the
clinical symptoms. It is necessary that tho test meal given should be of similar
composition for comparable and reliable deductions to bo made, and the time
of withdrawal should be from 1 to 1|- hours after its administration. The
test meal which has been used at St. Mary's Hospital consists of one pint of
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very weak tea (with a little milk and sugar if desired) and a round of thin
buttered toast. It is a modification of Ewald's test meal. It has been found
to be appetizing to the patient and to promote effectively the secretion of
hydrochloric acid. At the time of withdrawal the hydrochloric acid has
probably reached its maximum percentage. There is no difficulty in obtaining
the gastric contents by means of a soft tube passed into the stomach provided
that sufficient tubing is outside the mouth to allow of siphon action. The
siphon action can be started by withdrawal of the air from the tube by
means of a male glass syringe if necessary. Other test meals are in common
use, but any meal similar in composition to that of Ewald or Boas (oatmeal and
water) may be given. It is advisable that the test meal should not contain
meat, eggs, bouillon, &c, as the large amount of nitrogenous matter present
combines with the hydrochloric acid and prevents the presence of free hydro-
chloric acid; it also adds to the difficulty of the analysis.

The active hydrochloric acid in a normal case with the above technique is
about 0-15 per cent., between 0-1 per cent, and 0-2 per cent. It does not follow if
the hydrochloric acid is normal in amount that no pathological lesion of the
stomach is present. Clinical symptoms must be carefully considered also. The
active hydrochloric acid may be increased (hyperchlorhydria) or diminished
(hypochlorhydria). In cases presenting gastric symptoms an increase of active
hydrochloric acid is commoner than a diminution.

The Causes of Hyperchlorhydria.

1. Gastric and Duodenal Ulcer. In the great majority of cases the active
hydrochloric acid is markedly increased and free hydrochloric acid is present in
excess (see Table I). It is extremely rare for the active hydrochloric acid to
be below the normal. In some cases of chronic ulcer (e.g. Cases 2, 3, 5, 6,
11, 12, and 13) which have been present for years the active hydrochloric
acid may not be much raised, or may only be normal in amount. Usually in
gastric and duodenal ulcer the clinical symptoms are characteristic, and often
a lump or thickening is felt in the pyloric region. In such cases an excessive
or even normal amount of active hydrochloric acid in the gastric contents is
a clear indication that gastric carcinoma is not present, and often is a direct indi-
cation for gastro-enterostomy, the subsequent prognosis being good. On several
occasions I have seen cases in which hyperchlorhydria existed, showing the
presence on examination of a large mass in the pyloric region. The size of the
tumour had raised the suspicion of carcinoma, but in all of these cases operation
or autopsy has shown that the mass was due to an ulcer with inflammatory
thickening around it.
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TABLE I.—Gastric Ulcer.

(Recent cases at St. Mary's Hospital, London.)

No. of
case.

1
2
3
4
5
6
7

8
g

10
n12
13

Quantity
(fluid

ounces).

1
8
3
4
2
8
?

?
8
2
5
3}
6

Total
acidity'

[per cent.).

0-22
0-122
0-122
0-24
0-175
0189
0-297

0-263
0-34
0-32
0-18
019
019

Mucin
in

filtrate.

Absent

Lactic
acid.

Absent
j )

It

u
ti

}t

It

tJ

I t

j »

1)

» J

) )

Free
HCl.

Present

n
)>
j >

t i

»*

i>

n
n

» i

Trace

Active
HCl (per
cent) .

0-22
0-122
0122
0-24
017
0-189
0-29

0-26
0-34
0-31
017
016
0-22

Ferment
activity.

High
j )

»1

I f

Very high

Not deter-
mined

High
n
i i

i i

i i

Remarks.

Diagnosis
confirmed by
subsequent

f- operation
(gastro-en-
terostomy).

•

Cases 2, 3, 5, 6, 11, 12, 13 -were chronic ulcers with much thickening around them, the
symptoms being of several years' duration.

The effect of gastro-enterostomy on the composition of the gastric contents
in cases of gastric ulcer is well illustrated by Table II, where the analysis is
shown before and after the operation. It is seen that free hydrochloric acid was
often absent after gastro-enterostomy, whereas it was always present before the
operation. The active hydrochloric acid was found reduced in every case after
the operation. Bile and mucin were generally found present after the operation,
and no doubt they have the effect of partly neutralizing the hydrochloric acid
secreted by the stomach. This may explain the remarkable cessation of symptoms
which cases of gastric ulcer present after the operation of gastro-enterostomy.

TABLE II.—Gastric Contents (be/ore and after Gastro-enterostomy
for Gastric Ulcer).

(Recent cases at St. Mary's Hospital, London.)

No. of case.

1 . •

Q
O. '

K
O* '

Before operation
After operation
Before operation
After operation
Before Operation
After operation
Before operation
After operation
Two years after

operation . .

Total
acidity

(percent.)

0-297
0116
0-292
0-14
0-19
0-05
0-40
0-31

0-13

Mucin.

Absent
Present
Absent
Present
Trace

Present
Absent
Present

Lactic
acid.

Absent

»

Bile.

Absent
Present
Absent
Present
Trace

Present
Absent
Present

i i

Free
HCl.

Present
Absent
Present

„
Absent
Present

„
Absent

Remarks.

Gastriculcer found

II n n

•i II II

II »! 11

The total acidity was calculated in terms of HCl.
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2. Hypercldorhydria without any Lesion of the Stomach. It mu.st be
remembered that hyperchlorhydria may exist in the gastric contents without any
clinical symptoms of its presence. Usually, however, hyperchlorhydria is asso-
ciated with definite gastiic symptoms; and when this is the case, probably, if
the symptoms are long-continued and resist treatment, some such lesion as
ulcer, erosion, dilatation, or atony of the stomach is present.

3. Chlorosis. An excess of active hydrochloric acid is commonly present in
this condition, and the well-known gastric symptoms so often met with in cases
of chlorosis are in great part due to the hyperchlorhydria present.

4. Neurasthenia xoith Gastralgia. In some of these cases an excess of
active hydrochloric acid is found. More frequently, however, the active hydro-
chloric acid is normal in amount.

5. Atony of the Stomach. In young females this condition is often
associated •with constipation and hyperchlorhydria. In some rare cases the
symptoms are so persistent as to call for gastro-enterostomy, which usually
gives relief.

6. Colitis. Cases of colitis are frequently associated with severe gastric
symptoms, and an analysis of the gastric contents in many of these cases shows
a marked increase of active hydrochloric acid. In two cases recently seen the
colitis was accompanied by a severe and sudden haematemesis, owing to the gastric
ulceration also present, which latter was associated with hyperchlorhydria.

7. Cholelithiasis. This has been stated to be frequently associated with
hyperchlorhydria. Kaufmann (22) and Friedenwald (23) have called attention
to this. The presence of hyperchlorhydria cannot, however, be made use of as
a diagnostic sign of cholelithiasis, because sometimes,_ as has been found in the
series of cases at St. Mary's Hospital, the active hydrochloric acid was considerably
below normal, yet gall-stones have been found at operation.

8. Dietetic Indiscretions. Heavy indigestible food, alcohol, or tobacco in
excess undoubtedly may cause hyperchlorhydria.

Hypochlorhydria,

or diminution of active hydrochloric acid, may be present in many conditions;
the more important of these are the following:—

1. General Conditions of Ill-health. Febrile conditions and general diseases,
apart from the presence of disease of the stomach or cancer of any part of the
body, are frequently associated with diminution o£ active hydrochloric acid.
This has been pointed out by Moore and Morton Palmer in their published
papers (11, 14, 24).

2. Gastritis is usually associated with definite reduction of the active hydro-
chloric acid. In many cases this is extremely marked, so that as regards
hydrochloric acid the analytical results resemble those of gastric carcinoma.
Hence great care is necessary before arriving at a diagnosis of carcinoma of the
stomach, and both the clinical picture and the analytical results must be
carefully weighed.
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TABLE III.—Simple Gastritis.

(Recent cases at St. Mary's Hospital, London.)

No. of
case.

1
2
3

Quantity
fluid ounces).

6
1
1

Total
acidity.

0-067
0065
0-062

Mucin.

Faint trace
Present
Trace

Lactic
acid.

Absent
»

Present

Free HCl.

Absent
»»
J>

Ferment
activity.

Veiy low
Low

Normal

3. Cirrhosis of the Liver. Usually in this condition there is a marked
reduction of active hydrochloric acid, due no doubt to the associated gastritis.

4. Pernicious Anaemia. This condition is usually associated with a very
marked reduction of the active hydrochloric acid, quite as great as that in exten-
sive carcinoma of the stomach. Ferments are frequently entirely absent. The
last three cases examined at St. Mary's Hospital illustrate this very clearly (see
Table IV).

TABLE IV.—Pernicious Anaemia.

(Recent cases at St. Mary's Hospital, London.)

No. of
case.

1

2

3

Quantity
(fluid

ounces).

3

3

4

Total
acidity

(per cent.).

0-02

0-10

0-02

Mucin
in

filtrate.

Present

>t

)>

Lactic
acid.

Absent

Free
HCl.

Absent

Active
HCl. (per

cent.).

004

001

001

Ferment
activity.

Absent

»»

it

Remarks.

Diagnosis confirmed
by examination of

blood and by clinical
symptoms

5. Achylia Gastrica. In this condition active hydrochloric acid is almost
entirely absent and the intestine appears to perform all the digestive functions. The
condition may exist without giving rise to any symptoms, but usually there are
definite gastric symptoms, and in some cases marked intestinal symptoms, e. g.
diarrhoea with intervening periods of constipation may be present. The condi-
tion may exist apart from pernicious anaemia or gastric carcinoma.

6. Gastric Atony with Dyspeptic Symptoms. Some of these cases show
a marked diminution of active hydrochloric acid.

7. Cirrhosis of the Stomach. This is a rare condition, and only a few
analyses have been published. Free hydrochloric acid is usually absent, and
there is a marked diminution of the active hydrochloric acid.

8. Gastric Carcinoma. There is no doubt that in this condition there is
a most marked diminution in the active hydrochloric acid, and when the disease
is at all advanced free hydrochloric acid is entirely absent (see Table V). The
amount of active hydrochloric acid present depends on the site of the growth.
In pyloric carcinoma the amount present is greater than when the cardiac
portion of the stomach is involved. Usually, wherever the carcinoma is situated
in the stomach the active hydrochloric acid is below 0-1 per cent. The deter-
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mination of the amount of active hydrochloric acid present is of great value for
diagnostic purposes. Thus if a lump is felt in the region of the stomach and
there are definite gastric symptoms, if the active hydrochloric acid is very low
the diagnosis is almost certainly that of carcinoma of the stomach. There is no
doubt that in some cases of gastric carcinoma the growth develops on an old
ulcer; these are the cases which are likely to show in the early stages a larger
amount of active hydrochloric acid than is usually the case, and it has been

TABLE V.—Gastric Carcinoma.

(Recent cases at St. Mary's Hospital, London.)

No. of
case.

1
2

3
4
5
6

7
8
9

10

11
12
13
14
15
16
17

Quantity
(fluid

ounces).

7
A

U
9 "

i7
15

9

3
?

?
9

16
1
7

10
12

Total
acidity

(as HCl).

0-098
008

0-00
0-087
000
0-153

0-182
0-00
0-139
0-15

0-09
0-04
0-09
016
0-10
0-17
0-27

Mucin
(in

filtrate).

Present
j »

j j

j i

j t

yi

j »

j t

11

) »

>»

t j

Absent
J»

Present
Trace

Lactic
acid.

Present
j >

»
1

j

)

j

f

1

j

»

Trace
Absent
Present
Trace

Free
HCL

Absent
JJ

»

j

j

i

*

»

j

t

>
j

j

Active
HCl.

0-089
Not deter-

mined
000
0-073
0-00

Not deter-
mined
0-044
0-00
003
0-09

004
0-02
001
0-026
0-08
0-04
005

Ferment
activity.

Very low
»)

j »

Nil
JJ

Very low

Low
Nil
Low

Not deter-
mined

»>

Very low
JJ

j >

JJ

j »

Remarks.

In all of
these cases the

. diagnosis was
confirmed by
operation or

necropsy

stated that in some cases of gastric carcinoma the hydrochloric acid has been
above normal. In none of the cases at St. Mary's Hospital has the active
hydrochloric acid ever been found above 0-1 per cent. The total acidity may
be increased in gastric carcinoma, but not the active hydrochloric acid. The
increase in the acidity is due to organic acids. I have seen cases in which the
active hydrochloric acid has been found to be normal or above normal, and
where after operation the lump felt was suspected to be carcinoma. In every
one of these cases, where there has been an opportunity of microscopical
examination after autopsy, the lump has proved to bo an ulcer with inflamma-
tory thickening around it.

9. Carcinoma of Organs other than the Stomach. Moore and Morton Palmer
havo published interesting and important papers on the gastric contents in this1

condition. Their analyses show that the free: hydrochloric acid is reduced in
cases of this kind, and in many of them there is a definite reduction of the active!
hydrochloric acid (11, 14, 17, 24). The reduction of the active hydrochloric acid
is not sufficiently great to be of diagnostic value, as Moore freely admits, because
a definite reduction of active hydrochloric acid occurs in many other conditions
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than carcinoma. Copeman and Hake (10) have shown that in carcinoma of
other organs than the stomach in mice there is no reduction in the active hydro-
chloric acid, and indeed there is a slight increase present. Moore states that
carcinoma in mice is not accompanied by the cachexia which is present in this
condition in man, and that the two conditions are not comparable. Copeman
and Hake have made some analyses in cases of carcinoma elsewhere than in
the stomach in human subjects. They find that in a considerable proportion
of these cases the active hydrochloric acid is not reduced. The analyses made at
St. Mary's Hospital have shown that frequently in carcinoma of other organs
than the stomach there is no reduction of the active hydrochloric acid, while in
carcinoma of the stomach the active hydrochloric acid has been invariably
reduced. In cases of carcinoma of the transverse colon, where there has been
a lump in the region of the stomach, the presence of active hydrochloric acid in
normal amount has been made use of in correctly diagnosing the seat of the
growth as being in the colon and not in the stomach.

Moore (17) has made some very interesting determinations of the alkalinity
of the blood in cases of carcinoma in man, and has found a slight increase present.
He suggests that the increase may be an important causative factor in carcinoma,
since a slight increase in alkalinity may lead to the rapid and atypical growth
of certain cells.

Gases in Children (25).

(i) Congenital Hypertrophic Pyloric Stenosis. Usually free hydrochloric
acid is absent and the active hydrochloric acid is much reduced. This is
probably due to the marked gastritis present, because in two early cases where
gastritis was absent free hydrochloric acid was present and the active hydro-
chloric acid was normal in amount (see Table VI).

TABLE VI.—Congenital Pyloric Stenosis (Children).

(Recent cases at St. Mary's Hospital, and at the Hospital for Sick
Children, Great Ormond Street, London.)

No. of
case.

Quantity
in cubic

centimetres.

Total
acidity. Mucin. Lactic

acid.
Free
HCl.

Active
HCl.

Ferment
activity. Remarks.1

•IS!

CO
42
45
46
32
20
46
53
9

0-044
0-050
0-087
0-10
015
0-21
0-076
0-047
007

Present Present
ii

Absent

Trace
Absent

Absent

Present
Absent

0-029

0-15

0-076
0-047

nigh
It

Normal

High

Normal

55
G

0-18
017

—
Trace

»

Cured t
Absent

»

jases.
Absent

» .
0175

—
High

Two analyses at
different times

\ Analyses at dif-
j ferent iimes

1 Over a year after
J acute symptoms

Numbers 1 to 6 had acute symptoms.
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(ii) Pyloric Spasm in Children without thickening of the Pylorus. Here
the activo hydrochloric acid has been found to be about normal (between 0-1
and 0-2 per cent.) (see Table VII).

• (iii) Marasmus in children is associated with absence of free hydrochloric
acid and a marked reduction of active hydrochloric acid (see Table VIII).

TABLE VII.—Pyloric Spasm (Children).

(Recent cases at St. Mary's Hospital, and "at the Hospital for Sick
Children, Great Ormond Street, London.)

No. of
case.

Quantity
in cubic

centimetres.

Total
acidity. Mucin Lactic

acid.
Free
HC1.

Ferment
activity. Remarks.

30
28

5
15

009
011
0-14
013
016
018

Trace Absent Absent Low
Very low

Rather low
Normal

Low
Normal

Cases in Great Ormond
Street Children's Hospital
(clinical diagnosis).

TABLE VIII.—Marasmus (Children).

(Recent cases at the Hospital for Sick Children,
Great Ormond Street, London.)

No. of
case.

1
2

Quantity.

22 c.c.

Total
acidity.

0-09
003

Mucin.

Absent
Present

Lactic
acid.

Absent
Trace

Free
.HC1.

Absent

Ferment
activity.

Low
Nil

In conclusion, I wish to express my sincere thanks to my colleagues at
St. Mary's Hospital for the numerous opportunities given me of making
investigations on which much of this paper is based; also to Mr. John Webster,
Demonstrator of Chemical Pathology at St. Mary's Hospital, and to Dr. Reginald
Miller, Medical Registrar at St. Mary's Hospital, for valuable assistance in
the work.

[Q.J.M., Oct., igog.)



106 QUARTERLY JOURNAL OF MEDICINE

REFERENCES.

1. Prout, Phil. Trans., Lond., 1824, pt. I, 45.
2. C. Schmidt, Die Verdauungssafte und der Stofficechsel, Leipzig, 1852, 44.
3. Richet, Le sue gastrique chez Vhomme et les animaux, Paris, 1878.
4. Maly, Aim. d. Chem., Leipzig, 1874.
5. Luttke, Deutsch. med. Wochenschr., Berlin, 1891, 1325.
6. Willcox, ' The Chemical Examination of the Gastric Contents, with an accurate Clinical

Method of determining the Active Hydrochloric Acid present,1 Trans. Path. Soc, Lond.,
1905, lvi. 250.

7. Willcox,'The Chemical Examination of the Gastric Contents,' Lancet, Lond., 1905,
i. 1566.

8. Willcox, ' The Chemical Examination of the Gastric Contents,' Lancet, Lond., 1908,
ii. 220.

9. Harley and Goodbody, Tlie Chemical Investigation of Gastric and Intestinal Diseases,
Lond., 1906.

10. Copeman and Hake, 'A Study of the Variations in the Secretion of Hydrochloric Acid
in the Gastric Contents of Mice and Rats as compared with the Human Subject in Cancer,'
Proc. Roy. Soc, Lond., 1908, B. Ixxx. 444.

11. Moore, ' A Study of the Pathological Variations in the Acidity of the Gastric Contents,
especially in relation to Malignant Disease,' Bio-Chemical Journal, Liverpool, i. 274.

12. Emerson, System of Medicine, Osier and McCrae, v. 236.
13. Ham and MacLeod, Lancet, Lond., 1903, ii. 313.
14. Moore, Alexander, Kelly, and Roaf, ' On the Absence or marked Diminution of Free

Hydrochloric Acid in the Gastric Contents in Malignant Disease of Organs other than the
Stomach,' Proc. Roy. Soc, Lond., B. lxxvi. 138.

15. Leo, Centralbl.f. d. med. Wissensch., Berlin, 1889, xxvii. 481.
16. Topfer, Zeilschr. f. physiol. Chem., Strassburg, 1894, six. 104.
17. Moore, ' A Clinical Method of Haemalkalimetry,' Bio-Clietnical Journal, Liverpool,

1906, i. 279.
18. Morner and Sjoqvist, Zeitschr.f. Physiol. Cliem., Strassburg, 1889, xiii. 1.
19. Bayliss and Starling, Journal of Physiology, Camb. and Lond., xxviii. 325 ; ibid., xxix

and xxx.
20. Edkins, Proc. Boyal Soc, Lond., 1905, lxxvi, 376.
21. Bolton, ' The Experimental Production of Gastric Ulceration by Injection of Gastro-

toxin,' Trans. Med. Soc, Lond., xxxi. 249.
22. Kaufmann, American Medicine, 1903, vi.
23. Friedenwald, Medical News, 1905.
24. Morton Palmer, 'Variations in the Hydrochloric Acid of the Gastric Contents in Cases

of Carcinoma in Man,' Bio-Chemical Journal, Liverpool, i. 398; also Guy's Hospital Reports,
Lond., 1906, lx. 181.

25. Willcox and Miller,' On some Gastric Conditions in Wasted Infants,' Lancet, Lond.,
1907, ii. 1670.


